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Gulf Oil Spill Draft #14a


Introduction  

The Deep Water Horizon (DWH) oil spill was the largest accidental release of crude oil in modern history.  Even though the flow of oil and gas has been stopped, many questions concerning the spill and its cleanup remain. Major areas of research include, but are not limited to, determining what has happened to the oil and chemicals used in the cleanup and assessing what will be their long-term effects on the environment and human health. Members of the Society of Toxicology are specifically trained to study these important questions and interpret the findings. This will help ensure that policy decisions regarding the DWH spill are based on sound science. 


The Chemistry of Oil and Dispersants

The first step in assessing the impact of any release of chemicals into the environment is to identify the chemicals involved, their environmental fate (what happens to them after release), and their potential for causing ecological and human toxicity. In the case of the DWH incident, scientists are concerned with the crude oil and natural gas released from the well and dispersants applied to help mitigate the spill. Additional concerns include exposure to chemicals formed when the oil was burned. Crude oil and natural gas are complex, naturally occurring mixtures that together comprise hundreds of different chemicals. Dispersants are also complex mixtures. Each component of these mixtures has its own physical, chemical, and toxicological properties, which may combine in ways that are sometimes unpredictable. The DWH incident not only released much more oil than previous spills such as the Ixtoc I blowout in the Gulf of Mexico (1979) and the Exxon Valdez tanker accident (1989), but the oil was released at a much greater depth (1,544 meters vs. 50 meters). The greater depth of the DWH spill means that additional factors such as temperature, pressure and salinity (saltiness of the water) may affect the physical and chemical behavior and transport of the oil and complicate the assessment of dispersant effects.


The DWH release added a substantial new source of oil to the ongoing natural and human-induced releases that routinely occur in the Gulf of Mexico. By current estimates, DWH released about 4.9 million barrels (795 million liters) of crude oil, accompanied by a similar volume of natural gas. Added to this was approximately 7 million liters of dispersants that were applied either at the surface (two-thirds) or at the wellhead (one-third). Crude oil contains hundreds of hydrocarbons (chemicals containing carbon and hydrogen) of various types, as well as chemicals containing sulfur, nitrogen, or oxygen. Some of the most toxic components of oil include the chemicals benzene, toluene, ethylbenzene, xylene, and polycyclic aromatic hydrocarbons. The dispersants used in the DWH incident (Corexit 9527 and Corexit 9500A) contain several surfactants (surface-active agents) and other chemicals. 


Once released, the oil was subjected to a variety of physical, chemical, and biological processes including dissolution in seawater and evaporation (collectively called “weathering”), dispersion as small droplets into seawater (natural and facilitated by dispersants), sedimentation, transport, photodegradation, biodegradation, emulsification, and intentional combustion. Research by several groups and calculations made by federal agencies have provided a tentative approximation of the initial fate of the escaped oil. Although there is substantial uncertainty in some of the estimates, large fractions of the oil appear to have been dispersed into small droplets, dissolved in seawater, or evaporated upon reaching the surface. In addition, some of the dispersed and dissolved oil remains as “plumes” at a depth of about 1100 meters. Of the oil that made it to the surface and was not evaporated or burned, some migrated to coastal regions. The use of dispersants likely increased the bioavailability of the oil (its ability to be taken up or acted upon by organisms), enhancing the opportunities for biodegradation; however, it also may have increased the potential exposure of sensitive organisms. The fate of the released oil and its many components remains poorly understood and is an active area of research among oceanographers and marine chemists.

Environmental Effects


Toxicologists are involved in laboratory and field studies to measure immediate impact of the spill and to assess the potential for long-term effects, but many unanswered questions remain about the environmental effects of the spill. Understanding these impacts is complicated by the occurrence of a diverse array of ecosystems within the Gulf where oil and dispersants migrated, including deep water bottom sediments and reefs, bays, estuaries, coastlands, bayous and open water (surface and mid-water). It has been difficult to track the extent of contamination and persistence of the contaminants in each of these areas and, in turn, potential exposures to organisms. When evaluating these different ecosystems, the range of and life stages of species that passed through immediately following the DWH must be considered. Many unanswered questions remain concerning what species are most sensitive to either oil related compounds, dispersants, or the complex mixture of the two. Basic information is needed concerning susceptibility of organisms during their developmental stages, whether otherwise toxicologically resistant species may be impacted by sensitive species that form the base of the food chain. The potential for delayed or multigenerational impacts must also be considered. These environmental concerns are compounded by the fact that the Gulf also is home to both protected and commercially valuable species. Distinguishing between effects of this massive spill, the clean up efforts and the effects of natural releases of oil in the Gulf creates an additional complication. It will likely take many years of research before these questions can be answered; however, modern environmental toxicology has powerful tools for addressing them.


Human Health Effects


People may be exposed to chemicals in crude oil or dispersants by breathing air, skin contact, or eating contaminated seafood from commercial fisheries in the Gulf of Mexico. Because each source of crude oil has unique characteristics based on location, the specific toxicity of the source needs to be identified in order to understand the short- and long-term health effects. In addition, scientists need to understand the changes that occur to crude oil and dispersants when they are released or interact in a deepwater ocean environment. Once we understand the toxicity related to health effects, scientists will need to accurately document the combinations of breathing contaminated air, skin contact, and consumption of contaminated seafood so that they can calculate the expected toxic effects based on the intake of the toxic chemicals in the gulf. With this work, scientists and policy makers will be able to describe the expected short- and long-term health effects that may occur based on how people interact with chemicals in the environment. This includes those who have worked on the clean-up of the DWH spill, and the communities impacted along the shoreline.

Methods and Tools Used to Assess Health and Environmental Impacts

A role for toxicologists is to apply data analysis tools to consider the potential impacts of chemicals that are present in the environment, such as those involved in the DWH oil spill. The information from toxicology research is designed to support decision making related to public and environmental health.  Science data collection includes basic research laboratory and field studies in the areas described previously.  The information from these studies is evaluated through formal data analysis and evaluation tools. The data analysis approach begins with an assessment of all the available toxicology research collected using different methods and model systems. The package of scientific information can be assessed to identify gaps in knowledge related to public health and environmental impacts. Research priorities are set using tools for assessing the likely impact of new information. The support for overall conclusions that can be made from the data is determined using a weight of evidence approach; a process for interpreting results when considering all the current knowledge. Using this systemic approach, the toxicology data informs us about the innate hazard potential of the individual chemicals or mixture of chemicals that are present (this is the hazard characterization step of risk assessment) and the potency of the chemicals (this is the dose-response step of risk assessment). Significant research effort is geared to developing techniques to aid toxicologists in evaluating the combined effects of complex mixtures of chemicals along with other stresses, and to support rapid identification of potential effects of chemicals with limited test data. These types of studies on the toxicity of the chemicals in the environment considered with the potential human exposures are used together to characterize the potential for risks to human health and the environment. The overall data analysis effort reflects the major steps included in current risk assessment frameworks. 

Summary & Future Directions  

Current toxicological research has and will provide significant information about the human and environmental health consequences of the DWH incident. However, many areas of uncertainty and gaps in our knowledge remain. Continuing research will build on the results from current studies to define more completely the toxicity of the crude oil and dispersants released during the DWH incident and cleanup. Toxicologists are specifically trained to investigate the human health and ecological effects of chemicals such as those released during the DWH event. This gives them a crucial perspective to contribute in the development of sound, science-based public policy regarding the DWH event. 

Suggested Resources

http://www.epa.gov/risk/

http://www.gulfspillrestoration.noaa.gov/

http://www.eoearth.org/oceanoil

http://www.restorethegulf.gov/

(http://www.restorethegulf.gov/sites/default/files/documents/pdf/OilBudgetCalc_Full_HQ-Print_111110.pdf

Oil in the Sea III: Inputs, Fates, and Effects. Committee on Oil in the Sea: Inputs, Fates, and Effects, National Research Council. ISBN: 0-309-50551-8, 280 pages, 8 1/2 x 11, (2003)

Understanding Oil Spill Dispersants: Efficacy and Effects. Committee on Understanding Oil Spill Dispersants: Efficacy and Effects, National Research Council.  ISBN: 0-309-54793-8, 396 pages, 6 x 9, (2005)


Oil Budget Calculator: Deepwater Horizon.  The Federal Interagency Solutions Group, Oil Budget Calculator Science and Engineering Team. November 2010. 

Goldstein, B.D., Osofsky, H. J., Lichtveld M. Y., The Gulf Oil Spill, N Engl J Med 2011;364:1334-48.

Kessler, J. D., Valentine, D. L., Redmond, M. C., Du, M., Chan, E. W., Mendes, S. D., Quiroz, E. W., Villanueva, C. J., Shusta, S. S., Werra, L. M., Yvon-Lewis, S. A., and Weber, T. C. (2011) A persistent oxygen anomaly reveals the fate of spilled methane in the deep Gulf of Mexico. Science 331, 312-315.

Camilli, R., Reddy, C. M., Yoerger, D. R., Van Mooy, B. A., Jakuba, M. V., Kinsey, J. C., McIntyre, C. P., Sylva, S. P., and Maloney, J. V. (2010) Tracking hydrocarbon plume transport and biodegradation at Deepwater Horizon. Science 330, 201-204.


Kujawinski, E. B., Kido Soule, M. C., Valentine, D. L., Boysen, A. K., Longnecker, K., and Redmond, M. C. (2011) Fate of Dispersants Associated with the Deepwater Horizon Oil Spill. Environmental science & technology. Jan 26. [Epub ahead of print]

Crone, T. J., and Tolstoy, M. (2010) Magnitude of the 2010 Gulf of Mexico oil leak. Science 330, 634.



